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Distinction of relative flow. - Frcm the earliest study of hydro-
mechanics it has been assuned that the reaction between a stagnemt
fluid and a body moving through it is the same as for the fluid pass-
ing the fixed body with the same relative motion. So many experiments
however sesmed to disprove the assumption that at one time some promi-
nent investigators questioned its validity. For example, Dubuat and
Duchemin found experimentally that a plate fixed in a stream of water
has about thirty per cent more resistance than when moving through still
water at the same speed. This phenomenon was called "Dubuatfs paradox®.
But when due precaution is taken to make the relative motion the same
in both cases, as was dons with an apperatus developed by Joukovski
and Kouznetzoff, the assunption is completely vimdicated. The reader
mey find a description of this apparatus in Joukovski's Aerodynamiquse,
Chapter II.

But such equivalence of relative motion can not always be realized.
When for example,.a body moves through an extended homogemeous still
fluid the relative velocity of all distant parts of the fluid is wmiform,
and the undisturbed horizontal pressure gradient is zero; but when the
fluid moves past the body usually all the distant parts bave not the
same velocity, usually there is some turbulence, and the presswre grad~
lent is not zero. And if the gradient is not zero there is a horizon-
tal buoyancy to be applied as a correction to make the observed resist-
ance equal that for the still fluid.

Static pressure gradient. - In untapering wind tummels, for instancs,
there is a material fall of static pressure down stream within the walled

working portion. If the twnel is well designed and unobstructed, ths
down-stream pressure gradient is constant for any one wind speed, and
varies n3arly as the square of the wind velocity. If the tumel is part-
ly obstructed with apparatus, the gradient may, at any fixed speed, vary
in amount from point to point along stream.
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Point pressure and pressure drag. - In general the pressural drag
on & wind tumnel model, apart from the frictional drag, equals the sur-

face integral of the horizontal ccmponent Py of the point pressure p.
Now this latter may be written p = py + Pz, + Pz, where p; is the
constant barometrie pressure at the rsference section A of the tunnel,
say where the nose of the model is to be, and befors insertion of the
model; P, is the pressurs drop down stream fram A due to the static
gradient in the unobstructed tumnel; p; is the kinetic pressurs, or
departure frum py, due to the presence of the model in the stream.
is assumed that the tuunel is too large for material wall effect.

It

Obviously the drag due to the comstant barometric pressure p, is
zero. The drag dus to p., would be zerc for a frictionless fluid, Lbut
for natuwal fluids is a Chief element of resistance, especially for
bodies of blunt form. Its discussion is irrelevant to the present
treatment. The drag due to Dy may here be formulated for various con-

ditions.

Computation of horizontal buoysncy. - The ccmponent of horizontal
buoyancy at any element of the model's surface is 1 p,d S, in which 1
is the direction cosine, reflerred to the tunnel axis, of the normel to
the surface element 4 S. To find the surface integral of this compo-
nent analytically one must know the equation to 5; also to the pressure
drop py, in terme of the distance along stream. The method of inte-~
grating is too familiar to require treatment hers.

In wind tunnel practics S.and P, are usually given graphically, and
mey require graphical integration to“find the drag due to prassure drop.
For example, S may be a surface of revolution, such as a balloon hull;
or & cylinder, such as & uwniform stream~line strut. The static pres-
sure gradient may be given by a curved diagram, in which Py is plotted
against the down stream distance fram the model 's nose; or, as & par-
ticularly interesting case, the gradient may be constant. These spec-
ial examples will be briefly treated in turn.

The pressurs-drop drag om a surface of revolution with its axis
along stream is

R= /Py .27rdr=7/"p,.a0%), - -~ (1)

where Pp is the pressure drop at radius r, and the integrsl extends
over the whole surface. The integral is found graphically as the area
of the curve obtained by plotting p, against r2, both of which ars
assued to be given for various dis%ances along stream. This method
was given in Report No. 107 of the British Advisory Committee for

Asronautics,

The pressurs-drop drag on a cylinder held transverse to the stream,
and having a plane of symmetry parallel thereto, is, per unit length,

R=2/Dp.8F, =~ ~-cmmmmcmmnao~ (2)
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where r is the semi-thickness at any point along stream, and the
integral extends from front tp rear. The solution is found graphically

as the area of the curve of Po Plotted against r.

If the pressure gradient is & constant, d p.zjdx = a, the pres-
sure-drop drag on & body of whatever shape is

R=a?¥, ~= = cm e e e m e e~ mn == (3)

where v is the volume of the body. This formula is the same as that
for the vertical bucyancy of a body immersed in a iiguid, and has
been known from time immemorial.

Methods of camputation in practical use. - Formula (3) Las been

used in the reports from the Aerodynamical Laboratory., Washington
Ravy Yard, since July, 1919, when it was first shown by accurate
measurement that the pressure gradientv is comstant along the working
portion of the B x 8' tunnel freed of obstructions. In sane of the
earlier reports graphical integration had been employed because meas-
urements, too hurried and insufficiently checked, had indicated a
slightly variable pressure gradient. This mistake in measuring the
gradient entailed an error of the order of one or two per ceant in
finding the total drag on the models tested.

4 detailed zccount of the calibration of the 8! x 8' tumnel}, for
bressure gradient, is given in the laboratory’s Beport No.l48.

For streamline bodies of considerable bulk the pressure~drop cor-
rection 1s a good percentage of the whole resistancs. If, therefors,
the tumnel must have a material pressure gradient, it is fortunats
when this is so nearly constant that formula (3) can be used to com-
Pute the pressure-drop ccrrection. The valus of & need be deter—
mined but once for a given tumnel, and the value of v for a model
of any shape can easily be found by immersion in waPer.



